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INTRODUCTION 


In  the  various  models  of  the  AN/SQS-26  sonar,  enough  energy  Is 
transmitted  and  received  via  the  vertical  sidelobe  response  to  allow 
these  systems  to  receive  discreet  echoes  from  the  ocean  bottom.  Such 
echoes  are  referred  to  as  ''fathometer*'  returns  because  their  arrival 
times  relate  directly  to  multiples  of  the  water  depth.  Although  the 
AN/SQS-26  receives  incoherent  bottom  reverberation  returning  via  this 
same  path,  this  discussion  treats  only  the  coherent  ’* f athome ter- type *• 
returns.  These  returns  are  typically  observed  on  the  CW  portion  of 
the  AN/SQS-26  storage  display,  and  constitute  regions  of  interference, 
the  severity  of  which  is  a function  of  the  water  depth,  the  normal 
incidence  bottom  loss,  and  the  specific  SQS-26  equipment  model.  In 
this  paper,  the  'If  athome  ter- type*'  of  interference  is  discussed  gener- 
ally, and  some  specific  AN/SQS-26  (BX)  and  AN/SQS-26  (AXR)  results 
from  test  area  Bravo  (a  one  degree  square  centered  at  25.5°N,  72.5°W) 
are  presented. 
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Since  the  docay  rate  of  this  particular  interference  depends  on 
the  propagation  loss  suffered  by  the  different  order  fathometer- type 
arrivals,  it  is  desirable  to  review  the  expression  for  this  loss.  If 
loss  is  assumed  to  be  aero  for  each  surface  contact,  the  3.5kHz  propa- 
gation loss  can  be  given  as  a function  of  the  arrival  order  (the 
number  of  bottom  bounces  undergone)  as  follows: 

Ny  - 20  log  2D  + 0.212  x 2nD  + nNR  *f»20  log  n eq.  (l) 

1000 


where 

D is  the  water  depth  in  yards 

is  the  bottom  loss  in  dB  per  contact 
and  n is  the  arrival  order  number. 

For  an  omni  directional  source  and  receiver,  this  results  in  a received 
level  given  by 


Lr  = Lg-20  log  2D-0.212  2nD  -nNR-20  log  n 

1000 


eq.  (2) 


where 

Lj,  is  the  received  level  in  dB//l  |i  bar  and  Lg  is  the  source  level 
in  dS>// 1 p bar  at  one  yurd. 

In  the  case  of  the  AN/SQS-26,  however,  the  received  level  of  an  arrival 
which  returns  from  the  bottom  fit  an  angle  of  © (in  the  case  of  interest 
6 —90° ) be  come  s : 


1^-  ARH(tt)-  AR V(0) 
nNR-20  log  n 


Lg-  ASI1(0)-  ASV(©)-20  log  2D -0.212 


2nD  - 

1000 

eq.  (3) 


where  Rli(©)  describes  the  change  in  vertical  receiving  pattern, 

relative  to  the  MRA,  for  different  horizontal  phasings  of  the 
array, 

RV(,©)  describes  the  change  in  vertical  receiving  pattern 
relative  to  on-axis,  for  different  vortical  phasings  of  the 


arruy , 

SH(6)  describes  the  change  in  the  transmitting  pattern  at  the 
angle  (©)  for  different  horizontal  phasings,  and 
2 V(©)  describes  the  change  in  the  transmi  t.tii.s  pattern  tVr 
different  vertical  phasings  of  the  array. 
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That  is,  the  level  of  interference  encountered  by  the  AN/SQS-26  depends 
on  the  specific  depression  angle  and  mode  in  which  the  system  is 
operating.  However,  if  we  agree,  that  for  a given  operating  mode, 
ASH(O),  4SV( 0),  ARH(o)  and  ARV(o)  are  constant  over  the  minute  angular 
difference  between  low-order  fathometer  returns,  then  the  effective 
receiving  response  and  source  level  for  each  of  these  arrivals  is  the 
same.  In  this  case,  equation  (2)  can  be  used  to  obtain  an  estimate  of 
the  normal  incidence  bottom  los3  despite  the  fact  that  no  absolute 
measurements  of  AS V,  ASH,  ARH  and  AKV  have  been  documented. 

NORMAL  INCIDENCE  BOTTOM  LOSS  RESULTS 

Some  AN/SQS-26  (BX)  and  AN/SQS-26  (AXR)  "fathometer”  results  from 
area  Bravo  have  been  reduced  to  yield  the  normal  incidence  bottom  loss 
values  shown  in  Tablos  I and  II  respectively.  The  (BX)  results  were 
obtained  during  the  evaluation  of  the  SQS-26  system  on  the  USS  WAIN- 
WRIG1IT  (DLG-28)  in  June  1966.  The  AXR  results  were  obtained  with  the 
equi pment  on  the  USS  GLOVER  (AGDE-l)  in  May  1968.  Since  the  ocean 
surface  was  extremely  calm  during  both  sets  of  trials,  it  has  been 
assumed  that  tho  loss  in  energy  associated  with  each  surface  reflection 
is  negligible.  Tiius  the  difference  between  the  1st  and  2nd  order 
fathometer  arrivals  for  the  AXR  and  BX  indicate  a median  normal  inci- 
dence bottom  loss  of  approximately  J.r>  dB.  Wliile  tliis  value  is  con- 
siderable lower  than  the  t— 10  dB  normal  incidence  values  that  Alpine 
Geophysical  reported  for  this  area  (reference  (a)),  it  is  reasonable 
in  view  of  the  bottom  layering  structure  and  the  range  resolution  of 
the  SQS-26  pulses  (400  yds.).  The  SQS-26  pulses  are  actually  integrat- 
ing over  all  tho  sub-U>t.tom  reflections  which  were  separately  resolved 
by  the  Alpine  measurements.  When  the  Alpine  values  for  the  different 
layers  are  summed  to  approximate  a total  etnrgy  bottom  loss  value,  the 
loss  obtained  is  essentially  the  same  as  ttiat  experienced  by  the  SQS-26 
pulses. 

SYSTEM  DISCRIMINATION 

The  bottom  loos  value  determined  .u.uv  ear.  t\  w l e inserted  into 
equation  (.3),  and  the  total  di  seri  ml  nation  of  flu  OQO-.'t  against 
these  arrivals  can  be  estimated.  Since  the  median  fathometer  level 
received  with  the  AXR  In  the  eonvergeace  /ei  e d<  (i/.etv  tilt'  was 
-2  dB,  equation  ( ■*)  yields: 

ARH(a)  4 ARV (u) - AOjH4l_  a;.;v(u1 


- Si 


1 1 ‘ . 


NUSL  Tech  Memo 
No.  2040-0155-6^ 


1 


The  median  level  observed  with  the  RX  in  the  convergence  zone  mode 
(zero  tilt)  was  -12  dB,  which  yields: 

*RH(0)H-  ARV(O)-  *SH(©)-  *SV(e)  = -60  dB. 

The  poorer  discrimination  achieved  with  the  AXR  system  on  the  AGDE-1 
resulted  from  the  bottom  row  of  elements  in  the  array  being  driven  in 
phase,  while  the  remaining  elements  of  the  array  were  being  phased  to 
transmit  a 120  degree  beam.  Thi3  problem  was  subsequently  corrected, 
but  no  "fathometer"  return  data  was  obtained  with  the  repaired  system. 
If  the  discrimination  of  the  BX  is  assumed  to  be  representative  of 
that  generally  achieved  with  SQS-26  systems,  then  the  GLOVER  system 
had  at  least  10  dB  less  rejection  against  these  arrivals  than  it  should 
have  had.  This  10  dB  degradation  on  the  GLOVER  AXR  system  proved 
extremely  important  and  resulted  in  4th  and  sometimes  5th  order  "fatho- 
meter-type" arrivals  severely  interf erring  with  echo  reception  in  the 
bottom  bounce  annulus  at  ranges  of  24  and  30  kiloyards  (reference  (b)). 

FREQUENCY  CHARACTERISTICS 

Since  the  "fathometer- type"  returns  observed  during  the  AGDE-1 
tests  created  heavy  interference  on  the  CW  portion  of  the  AXR  VDR 
(Variable  Depression  Receiver)  display,  the  ability  of  this  interfer- 
ence to  capture  the  OR  circuits  at  the  output  of  the  CW  doppler  filter 
bank  was  investigated.  Absolute  levels  were  desired,  hence  the  measure- 
ments were  made  by  tapping  the  VDR  SSI-SUM  beam  output  off  the  system 
just  after  horizontal  beamforming.  A General  Radio  Type  1900-A  wave 
analyzer  was  used  as  a tunable  10  Hz  filter  to  simulate  the  10  Hz 
doppler  filters  of  the  system.  The  output  of  the  wave  analyzer  was 
displayed  on  a Bruel  Kjaer  recorder  as  a function  of  time  for  each 
filter  band.  The  "fathometer  return"  levels  obtained  by  sequencially 
scanning  10  Hz  filter  bands  around  3500  Hz  are  listed  in  Table  III, 
and  are  shown  as  a function  of  frequency  in  Figure  l.  For  these 
measurements,  the  SSI-SUM  beam  was  steered  at  000  degrees  relative 
while  the  USS  GLOVER  was  dead  in  the  water  (DIW).  This  procedure  was 
followed  to  insure  that  the  resulting  "fathometer"  frequency  response 
was  not  interacting  with  the  0DN  (Own  Doppler  Nullification)  function 
of  the  AXR.  In  practice,  of  course,  the  fathometer  return  should 
always  be  at  about  the  same  frequency  in  the  water,  but.  will  shift  into 
different  CW  doppler  channel:-  of  the  system  for  different  receiving 
beams,  depending  on  ships  speed,  the  direction  of  tin  beam  relative  to 
ship’s  head,  and  the  depression  angle  at  whie>-  the  rain  lobe  of  the 
beam  is  tilted. 
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On  various  occasions,  it  has  been  proposed  that  a line  receiving 
array  might  be  employed  with  systems  like  the  3QS-26  and  BQS-6  to 
provide  better  horizontal  discrimination  against  reverberation  and 
hence  improve  system  echo-ranging  performance  via  long  range  sound 
paths.  In  fact,  John  llanrahan  conducted  an  excellent  study  aimed  at 
determining  the  feasibility  of  such  an  array,  for  bottom  bounce  echo- 
ranging (reference  (c)l.  However,  his  study  did  not  consider  what  the 
effect  of  multiple  "l'uthome ter- type"  arrivals  might  be  on  such  an  array. 
When  long  pulse  trains  or  long  RDT  transmissions  are  emitted  at  one 
frequency,  the  multiple  fathometer  arrivals  can  cause  serious  interfer- 
ence for  large  portions  of  the  echo-runging  cycle.  This  point  was 
vividly  demonstrated  by  the  insults  obtained  with  the  AXR,  when  the 
array  had  50  dB  discrimination  against  these  arrivals.  The  levels 
encountered  in  Area  Bravo  imply  that,  for  a MDl.  of  approximately  -60, 
fathometer  arrivals  would  bo  do tec table  on  a line  receiving  array  out 
to  ranges  approaching  the  first  convergence  zone!  This  clearly  demon- 
strates the  need  for  vertical  directivity  in  any  receiving  array  which 
Is  going  to  be  u3od  in  conjunction  with  our  long  range  active  sonar 
systems. 


B.  F.  Cole 
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TABLE  I 


AN/SQS-26  (BX)  AREA  BRAVO  RESULTS 

Bottom  Bounce  Track  Mode 
Depression  Angles  0 Degrees 
Date:  18  Jun  1969 

Run:  6A 

Ship:  USS  WAINWRIGHT  (DLG-28) 

Water  Depth:  3000  Fathoms 

Frequency:  3.5kHz 


First  Order 
Fathometer 
Return 
Level 
ubar)2 


Second  Order 
Fathom* te  r 
Ration 
Level 

dB//(l  ubar)2 


Bottom  Loss 
From  Relative 
Olfferenoo  (dB) 


^Output  of  UNI  Beam  6 
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TABLE  II 

AN/3QS-26  (AXR) 
AREA  BRAVO  RESULTS 


Convergence  Zone  Mode 
Depression  Angles  0 Degrees 
Rate: 

Run: 

Ship: 

Water  Depth: 


19  May  1968 
19  D2 

USS  GLOVER  (AGDE-1 ) 
3000  Fathoms 


First  Order 
Fathometer 
Return  LeveJ, 
dB//(l  uhar)*' 

Second  Order 
Fathometer 

Return  level, 
dlV/(l  ubar) " 

Bottom  loss 
From  Relative 
Difference  IdB) 

-4 

-]  ? 

0.5 

-1 

-1. 

3.5 

0 

-10 

1.5 

_2 

-13 

4.5 

-1 

-14 

4. 5 

-2 

-15 

4.5 

-4 

-11 

-1.5 

-12 

1.5 

A. 

-U' 

O.  s 

-1 

-10 

0.5 

-1  ' 

7,5 

0 

-1  > 

m.5 

0 

-1  ' 

4.5 

-3 

-14 

7.5 

-K 

1.5 

- > 

-17 

ry  t\ 

• 

0 

-15 

-3 

-1** 

; f> 

• 

-c 

-lo 

1.5 

0 

-12 

!.5 

0 

-14 

A », 

• 

-1 

-2  ! 

• ' 

> 

-I., 

' • 5 

t 

-17 

.«  • *' 
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TABLE  II 
(Con*  t) 


First  Order 
Fathometer 

He turn  Level 
dB//(l  ubar)'- 

Second  Order 
Fathometer 
Return  Level 
dB//(l  ubar)- 

Bottom  Loss 
From  Relative 
Difference  (dB) 

-3 

-15 

3.5 

-5 

-16 

2.5 

-4 

-17 

4.5 

"> 

-12 

1.5 

-2 

-12 

1.5 

-7 

-12 

-3.5 

0 

-14 

5.5 

-2 

-15 

4.5 

-4 

-16 

3.5 

-1 

- 9 

-0.5 

-17 

2.5 

o 

-17 

6.5 

0 

-12 

3.5 

-3 

-14 

2.5 
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TABLE  III 

AN/SQS-26  (AXK)  AREA  BRAVO  CW 
FATHOMETER  ARRIVAL  LEVELS  VERSUS  FREQUENCY 


Snip:  USS  GLOVER 

Date:  18  May  1068 

Depression  Angle:  0 Degrees 

Water  Depth:  3000  Fathoms 

Bottom  Bounce  Track  Mode,  FM  Pulse  Deleted 


Filter  Center 
Frequency 

3520 

3530 

3540 

3550 

3560 

3570 

3580 

3590 


10Hz  Band  Level 
-dB/Zil  fjbar)  ^ 

-33 

-32 

-20 

0 

-12 

-25 

-23 

-28 


# 


*VDft  SSI -SUM  Pearn  output 
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